line) frames detected as directional runs by "multi-scale" (black and red) and "strict directional filtering" (grey and pink) algorithms (see methods) on an artificial dataset containing noisy directional runs interspersed with random motion intervals.
(g) Example of a directed motion trajectory of kinesin-1 (time color-coded crosses) with linear (red curve) and B-spline approximations. In the latter case the distances between internal control points are 6 µm (green) and 1 µm (dark blue). Scale bar: 1 m.
(h) MSD of longitudinal (solid lines) and transverse (dashed lines) components of trajectory shown in e for different approximations (linear, B-spline -6 µm, B-spline -1 µm).
(i-j) Decomposition of the trajectory shown in e into longitudinal g and transverse h components for different approximations. (a) Average direction autocorrelation (cosine between consecutive displacements) as a function of time delay (n is the same as in Fig. 3d ).
(b) COS-7 cell fixed and stained for acetylated (left) and tyrosinated (middle) tubulin. Scale bar: 5 m. The data are presented for two cases. The first is "strict directional filtering" when the trajectories were filtered based on angle between two consecutive displacements. The second is "multi-scale directional filtering", described in Materials and Methods section. SEM is indicated. Original tracks were filtered using multi-scale directional filtering and fitted with B-spline with 1 µm distance between knots. Spline curves were re-sampled with 50 nm step and the curvature of 3 adjacent points was calculated. SEM is indicated. GAAGAAAGCTTTTCGTGCCATTCGATTTTCTGAGCCTCGAAGATGTCGTTCAGGCCG GACATATGGAAT). EGFP and BirA were cloned by PCR from pEGFP-C1 (Clontech) and pCI-Neo-BirA 2 , respectively, and inserted into linearized pET-SUMO via TA-ligation (Champion™ pET SUMO Expression System, Invitrogen). GFP-actin in p-beta-actin vector was produced by subcloning actin cDNA from pEGFP-actin 3 into p-beta-actin-GFP (AscI/SalI).
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SUPPLEMENTARY METHODS cDNA constructs and antibody
The identity of the new constructs was confirmed by sequencing. Rat KIF1A(1-383) and rat KIF21B(1-415) cDNAs were cloned into p-beta-actin-FRB-GFP with AscI/EcoRI and EcoRI/SalI respectively. KIF5B(1-807)-GFP-FRB, and KIF17(1-547)-GFP-FRB have been published previously 4 . pTagRFP-Tubulin vector was purchased from Evrogene and mCherry-α-tubulin is a gift of Dr. R.Tsien 5 .
Expression and purification of recombinant proteins in E.coli
Recombinant bacterially expressed bio-VHH GFP was obtained by using IMPACT Intein purification system. Induction, expression and purification of fusion proteins were performed according to the manufacturer's instructions (New England Biolabs). Briefly, E.coli strain BL21(DE3) was transformed with the plasmid encoding 6xHis-SUMO-BirA and bio-VHH GFPIntein-CBD and grown at 37°C overnight in the presence of 100 µg/mL of ampicillin and kanamycin. For production of biotinylated proteins, overnight bacterial culture was diluted Pulse Length) were optimized from standard settings to achieve optimal efficiency and provided in Table S1 . We found that the number of incorporated QDs per cell mainly is proportional to For imaging of QDs and actin cytoskeleton COS-7 cells (Fig.1 a,b) were electroporated with QDs as described above and after 30 minutes fixed with 4% formaldehyde in PBS solution.
Actin was stained with Alexa Fluor 488 Phalloidin (A12379, Molecular Probes) according to manufacturer's protocol. Z-stacks were acquired in each channel (GFP and mCherry) with 60x
objective and 300 nm spacing between planes (25-30 planes in total per stack). Stacks were deconvolved using the Huygens Professional package (Scientific Volume Imaging) and 3D
Gaussian Blur of 1 pixel was applied using ImageJ.
We used the same setup for live imaging of microtubules only (for iMSD analysis, Fig. 4a,b) or simultaneous kinesin and microtubules (Fig. 3f,g ). COS-7 cells were either transfected with and (Fig.S1g,h) were filtered using Chung-Kennedy nonlinear edge-preserving filter with parameter values K = 1, M = 10, p = 4 9 .
Particle detection and trajectory analysis
Image processing routines were automated using ImageJ/FIJI macros or custom build plugins. Diffusion trajectory analysis. MSD and velocity autocorrelation curves together with diffusion coefficient calculations were performed using "msdanalyzer" Matlab class 13 . Ensemble diffusion coefficients were measured as a slope of the affine regression line fitted to the first 25% of weighted averaged MSD curves and divided by four (assuming two dimensional motion).
Motors runs analysis.
Detection of processive runs in trajectories was performed using two algorithms. The first one, called "strict directional filtering", is calculating the cosine between two consecutive velocity vectors for a given trajectory and finds segments where its value is above defined threshold. In this segment, the particle is assumed to move directionally.
Directional autocorrelation is used as a local directional persistence measure in multiple applications 13 . Each trajectory represents a set of particle coordinates i r  , where index i denotes the frame number. Corresponding velocity vectors were defined as 
, where τ is the time between frames. The value of cosine was calculated as: Table 3) we used this algorithm with threshold value of 0.6 and minimal number of frames in one run equal to 10.
The second algorithm, referred to as "multi-scale filtering", was developed to detect kinesin runs in the presence of microtubules displacements. In this case, processive runs maintain general direction of movement but can be locally disrupted by abrupt random movements. To overcome the strict local criteria of the first algorithm we used "non-local" directionality measure as:
where positive integer k defines a window (time scale) of directionality. To find this kind of "disrupted" runs we used its average value over multiple time scales:
Using this characteristic with K=9, we initially located those segments of trajectory where its value was above -0.1 and among them we picked only those longer than one second, where the average value of All source code of Matlab routines for the motor runs detection, artificial trajectories generation, B-spline fitting and curvature calculations is available online 14 .
Measuring Stokes radius of QDs (Fig. S1a)
QDs where diluted to a final concentration of 1 nM in various aqueous solutions of glycerol. We iMSD kymograph analysis (Fig.4b-e) Kymographs of microtubule transverse displacements (Fig.4b) were built using KymoResliceWide v.0.4 ImageJ plugin 16 . Kymograph images were loaded to Matlab and 1D spatiotemporal image correlation function was calculated according to 17 
SUPPLEMENTARY NOTE 1
Actin pore size estimation According to Eq.9 in reference 19 , for diffusion of a tracer with radius R through a network of filaments of radius r (when R size is compatible with r) , the inaccessible volume fraction is: D slow /D fast , a QD radius of R=15 nm, actin filament radius r=4 nm, we numerically solved the system of equations Eq.9-10 in 19 to estimate the pore size being equal to L=36 nm.
